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(57) ABSTRACT

A power consumption management system includes: a main
part that is connected to a power line; a breaker that is elec-
trically connected to the main part, and limits a current sup-
plied to a load to a predetermined set value; a sensor unit
including a current sensor and a signal processing part. The
current sensor measures a current supplied from the main part
to the breaker, and outputs a current detection signal based on
the measured current. The signal processing part receives the
current detection signal over a predetermined time, deter-
mines a range of a signal level from the received current
detection signal, and adjusts an input range of the current
detection signal in accordance with the determination result.

4 Claims, 6 Drawing Sheets
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1
POWER CONSUMPTION MANAGEMENT
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of Interna-
tional Application No. PCT/JP2012/058557, filed on Mar. 30,
2012, which claims the benefit of the priority of Japanese
patent application No. 2011-077732, filed on Mar. 31, 2011,
the disclosures of each of which are hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to a power consumption man-
agement system that is applicable to a power distribution
board.

BACKGROUND ART

Heretofore there is known a power distribution board with
sensors shown in FIG. 5 or FIG. 6 that includes a function of
measuring electrical current or power. The power distribution
board that is shown in FIG. 5 or FIG. 6 includes a trunk
breaker MB, a plurality of main bars (or main plates, abbre-
viated below) L1, .2, N, a plurality or branch bars (or branch
plates, abbreviated below) 2, a plurality of branch breakers B,
aplurality of through-type or clamp-type current sensors CT,
a plurality of signal transport paths P, a plurality of input
signal ports PT, and a signal processing and measuring circuit
(hereinbelow called a sensor unit) 3. The plurality of main
bars L1, L2, N are connected to the load-side terminals of the
trunk breaker MB. The plurality of branch bars 2 extend from
the main mars L1, 1.2, N. The plurality of branch breakers B
are connected to the plurality of branch bars 2. The branch
bars 2 are joined to the branch breakers B and the main bars
L1, L2, N. The current sensors CT are installed to electrical
lines that are connected from the branch bars 2 or the load side
terminals of the trunk breaker MB to the load. The plurality of
signal transport paths P transport detection signals that are
output from the current sensors CT. The input signal ports PT
take in the detection signals that are output from the current
sensors CT and transported through the signal transport paths
P. The sensor unit 3 performs processing and measuring of the
detection signals that are taken in by the input signal ports PT.

PRIOR ART DOCUMENTS
Patent Document

[Patent Document 1] Japanese Unexamined Patent Applica-
tion, First Publication No. 2010-130735

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

In the power distribution board described above, it is not
possible to automatically specify which branch breakers B
and which input signal ports PT the plurality of current sen-
sors CT are connected to. For this reason, it has been neces-
sary to initialize the correspondence relation of a given arbi-
trary branch breaker B, current sensor CT, and input signal
port PT with respect to the sensor unit 3 manually or with
association definition data or the like that is created manually
in advance. Moreover, attaching meaning and attaching cor-
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respondence to each measurement data as the measurement
result of the sensor unit 3 has been required. As a result, there
has been the issue of requiring work entailing tremendous
labor. Also, in the case of performing conservative work of
increasing and replacing current sensors, in the same way
there has been the issue of requiring work entailing tremen-
dous labor.

Furthermore, when a current detection signal from the
current sensor CT is input to the sensor unit 3 by consumption
current or power consumption of the load that is connected to
the breakers (trunk breaker MB, branch breakers B), that
input range (sensitivity, dynamic range) varies depending on
the load that is connected. For that reason, there has been the
problem of not being able to accurately measure electrical
current.

The present invention has been achieved in view of the
circumstances given above. One exemplary object of the
present invention is to provide a power consumption manage-
ment system in which a sensor unit itself automatically rec-
ognizes the correspondence of a given branch breaker, current
sensor and input signal port without relying on manual effort,
and can perform the attachment of meaning and correspon-
dence of each measured data as a measurement result. Also,
one exemplary object of the present invention is to provide a
power consumption management system that, in the event of
a current detection signal from the current sensor being input
to the sensor unit 3 by consumption current or power con-
sumption of a load that is connected to a breaker (trunk
breaker MB, branch breaker B), that input range (sensitivity,
dynamic range) varies depending on the connected load, but
by monitoring and judging those values, can automatically
adjust the input range (sensitivity, dynamic range) and per-
form accurate current measurement.

Means for Solving the Problem

A power consumption management system according to
one exemplary aspect of the present invention includes a
power distribution board including a plurality of main bars, a
plurality of branch bars, a plurality of branch breakers, elec-
trical wiring, a plurality of current sensors, a plurality of
signal transport paths, an input signal port, and a sensor unit.
The plurality of main bars are connected to load side termi-
nals of a trunk breaker. The plurality of branch bars extend out
from the main bars, and join the branch breakers and the main
bars. The plurality of branch breakers are connected to the
plurality of branch bars. The electrical wiring is connected
from the load side terminal to the load. The plurality of
current sensors are through-type or clamp-type current sen-
sors, and are installed at the branch bar or the electrical
wiring. The plurality of signal transport paths transport detec-
tion signals that are output from the current sensors. The
plurality of input signal ports take in the detection signals.
The sensor unit processes the detection signals. The power
distribution board has a mechanism that outputs a sensor/
location correspondence signal that links the physical loca-
tions of a current sensor and the breaker, and recognizes this
signal with a sensor unit. With this constitution, the sensor
unit itself can automatically recognize the correspondence of
a given branch breaker, current sensor and input signal port
without relying on manual effort, and can perform attachment
of meaning and attachment of correspondence of each mea-
sured data as a measurement result. Also, in the event of a
current detection signal from a current sensor being input to
the sensor unit by consumption current or power consumption
of a load that is connected to the breaker (trunk breaker,
branch breaker), that input range (sensitivity, dynamic range)
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varies depending on the connected load. The power consump-
tion management system has a mechanism that can monitor
and determine the value of the current detection signal for a
fixed time (a period that corresponds to an operation cycle
that includes the maximum value and minimum value), and
adjust the input range (sensitivity, dynamic range) so as to
become an output level having the greatest resolution. With
this constitution, it is possible to perform automatic adjust-
ment and accurate current measurement.

Effect of the Invention

According to an exemplary embodiment of the present
invention, a sensor unit itself can automatically recognize the
correspondence of a given branch breaker, current sensor and
input signal port without relying on manual effort, and can
perform attachment of meaning and attachment of correspon-
dence of each measured data as a measurement result. For
example, a short pin that drives a signal that uniquely shows
the attachment position to a receiving connector as the receiv-
ing port of the current detection signal of the current sensor is
provided at the position of an arbitrary breaker. The selection
line that is output from the encoder that selects the short pin of
an arbitrary receiving connector that is output from the sensor
unit is in an open state during non-selection, and in a conduc-
tion state and grounded state during selection. With this con-
stitution, in the state of a transmission connector of the cur-
rent detection signal of an arbitrary current sensor being
inserted in an arbitrary receiving connector, the short pins
enter a conductive state, and by detecting that conductive
state with a conductive state detection circuit that is included
in the sensor unit, it is possible to recognize into which
arbitrary position that the current sensor has been inserted.

When a current detection signal from the current sensor is
input to the sensor unit by consumption current or power
consumption of the load that is connected to the breakers
(trunk breaker, branch breakers), that input range (sensitivity,
dynamic range) varies depending on the load that is con-
nected. According to an exemplary embodiment of the
present invention, due to having a mechanism that can moni-
tor and determine the value of the current detection signal for
a fixed time (a period that corresponds to an operation cycle
that includes the maximum value and minimum value), and
adjust the input range (sensitivity, dynamic range) so as to
become an output level having the greatest resolution, it is
possible to perform automatic adjustment and accurate cur-
rent measurement.

For example, the sensor unit includes a resistance circuit
that has a plurality of resistors having different resistance
values that are connected in parallel, with those resistors
connected in series with a current sensor. By selecting any
one of the resistors of that resistance circuit, it is possible to
adjust the input range of the current detection signal to an
optimum value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram that shows the positions of main
parts and breakers.

FIG. 2 is a circuit diagram for describing a sense voltage
(V) that is detected by a sensor unit.

FIG. 3 is a circuit diagram that shows FIG. 2 in concrete
terms.

FIG. 4 is a drawing that shows another embodiment of the
circuit diagram shown in FIG. 1.
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FIG. 5 is a configuration diagram that shows an example of
an ordinary sensor-equipped power distribution board that
includes a function of measuring electrical current or electri-
cal power.

FIG. 6 is a configuration diagram that shows another
example of an ordinary sensor-equipped power distribution
board that includes a function of measuring electrical current
or electrical power.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

The power consumption management system according to
an exemplary embodiment of the present invention shall be
described with reference to the drawings.

First, referring to FIG. 5 and FIG. 6, an ordinary configu-
ration of a sensor-equipped power distribution board that
shares features with the present exemplary embodiment shall
be described. FIG. 5 and FIG. 6 show an ordinary sensor-
equipped power distribution board that includes a function of
measuring electrical current or power. The power distribution
board that is shown in FIG. 5 is constituted by main bars and
branch bars. The power distribution board that is shown in
FIG. 6 is constituted by main plates and branch plates. FIG. 5
and FIG. 6 show as one example connections of a single-
phase three-wire type power distribution board. Hereinbelow,
main bars and main plates shall collectively be called main
parts. Also, branch bars and branch plates shall collectively be
called branch parts. Moreover, main parts and branch parts
may sometimes also collectively be called main parts. The
main parts L1, L2, N and the branch parts 2 that composed of
sheet-shaped copper plates are constituted by three live parts
of'an L1 pole, an N pole and a .2 pole. By connecting to two
among the three main parts L1, [.2 and N (that is, the main
parts L1 and N, the main parts [.2 and N, or the main parts [.1
and [.2), it is possible to receive the supply of a single-phase
100 V or single phase 200 V power supply.

At the end portions of these main parts L1, L2, and N, a
plurality of branch parts 2 are formed in a multi-leg shape so
as to project out. These branch parts 2 engage with each of a
plurality of concave parts b1, b2 and b3 that a branch breaker
B has. FIG. 1 schematically shows an equivalent circuit with
this kind of connection state.

The branch breakers B are respectively fitted to the branch
parts 2 of two main parts among the three main parts L1, 1.2
and N to be electrically connected. The two main parts for
example are the main parts .1 and N, or the main parts .2 and
N. The branch breakers B restrict to a predetermined set value
the current that is supplied to the load that is an electrical
device that is connected to a power supply.

A current sensor (coil part) CT is installed at the projection
parts of the main parts [.1, .2 and N, that is to say, the branch
parts 2. The current sensor CT includes a core 10 and a
secondary coil 11. The core 10 has a ring-shape. Induced
current is produced in the core 10 by current that is supplied
to the main parts [.1, L.2 and N. The secondary coil 11 has a
linear shape and is wound on the core 10. The secondary coil
11 detects the induced current that is produced by the core 10.

This current sensor CT constitutes a portion of the sensor
unit 21 described below. The current sensor CT is attached to
the branch bar 2 by inserting the ring-shaped core 10 on the
branch bar 2 that is positioned at the end portion of the main
parts .1, 1.2, and N. At this time, to ensure that adjacent cores
10 do not come into contact with each other, the core 10 may
be arranged so as to mutually differ with respect to another
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core 10 that is adjacent by shifting the attachment position of
the core 10 with respect to the branch bar 2 in the length
direction of the branch bar 2.

As shown in FIG. 2, each end of the secondary coil 11 that
includes a linear body is connected to the two terminals of the
connector C. The two terminals of the connector C are con-
nected to the sensor unit 21 through wiring on a substrate 20.
Also, a sensor unit 21, a selection line driving circuit 22 and
a discrimination circuit 23 are connected to this substrate 20.

The connector C is constituted by four terminals. In the
case of the wiring of the secondary coil 11 of the current
sensor CT being connected to two terminals among these four
terminals, the current detection signal of the current sensor
CT is supplied to the sensor unit 21 through these two termi-
nals. Also, in the case of the current sensor CT being con-
nected to two terminals among the four terminals, a shorting
wire S is provided at the remaining two terminals to put those
two terminals in a conduction state.

The connector C is constituted from a transmitting connec-
tor and a receiving connector. As a result of the transmitting
connector and the receiving connector being coupled, the
current sensor CT is coupled to the lines on the substrate 20.
However, in the figure, only one connector is shown for the
sake of convenience.

In the case of the current sensor (coil part) CT and the
shorting wire S being installed in the four terminals of the
connector C, the discrimination circuit 23 outputs a signal of
“presence of the current sensor CT (high: H)” that indicates
the existence of the current sensor CT. Also, the sensor unit 21
takes in the current detection signal from the current sensor
CT. Moreover, the selection line driving circuit 22 selects the
line L that can be used for the load (electrical device) from the
lines L that are identified as “presence of the current sensor
CT (high)” by the discrimination circuit 23, and enables
power supply via the breaker B of that line L.

In the case of the current sensor CT and the shorting wire S
not being installed in the four terminals of the connector C,
the output of the discrimination circuit 23 becomes “absence
of'the current sensor CT (low: L.)” not indicating the existence
of the current sensor CT. Also, the sensor unit 21 cannot take
in the current detection signal from the current sensor CT.
Moreover, the selection line driving circuit 22 does not select
the line identified as “absence of the current sensor CT (low)”
by the discrimination circuit 23 as the line L that can be used
for the load (electrical device).

Next, the constitution of the sensor unit 21 shall be
described with reference to FIG. 2 and FIG. 3.

As shown in a basic configuration diagram of FIG. 2, the
sensor unit 21 calculates the load current (I;) that flows
through the branch bar 2 of the main bar 1 by measuring the
sense voltage (V ;) that is determined based on the value of the
secondary current (L) that is supplied through the secondary
coil 11. That is to say, as shown in FIG. 3, the sense voltage
(V) is indicated by the integral of the secondary current (1)
and the sense load resistance value (Ry). The relationship of
the sense voltage (V), the secondary current (1), the sense
load resistance value (Rs) and the load current (I;) is shown
by Equation 1 below. In the following Equation 1, “K” indi-
cates the coupling coefficient, and “N” is the number of turns
of the secondary coil.

Vs: SENSE VOLTAGE = Is: SECONDARY CURRENT x  [Equation 1]

Rs: SENSE LOAD RESISTANCE
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-continued
= K: COUPLING COEFFICIENT x

I;: LOAD CURRENT
N:NUMBER OF TURNS
OF SECONDARY COIL

Rs: SENSE LOAD RESISTANCE

As shown in Equation 1 given above, by measuring the
sense voltage (Vy), it is possible to calculate the load current
(I;) that flows through the branch parts 2 of the main parts L1,
L2, and N.

Next, a specific circuit configuration in the sensor unit 21
for adjusting the sense voltage (V) indicated by the afore-
mentioned Equation 1 to an optimum value shall be
described.

The sensor unit 21 shown in FIG. 3 is provided with a
signal processing part that includes a resistance switching
part (resistance circuit) 30 that switches the resistors Rn (Rnl
to Rn3), an AD converter 31, a Vg maximum value storage
circuit (hereinbelow simply called a storage circuit) 32, and
an optimum sense load resistance computing circuit (resis-
tance circuit, hereinbelow simply called a computing circuit)
33.

The resistance value Rsl of the resistor Rnl is 10€2. The
resistance value Rs2 of the resistor Rn2 is 100€Q. The resis-
tance value Rs3 of the resistor Rn3 is 1000€. The resistance
values Rsl to Rs3 of the resistors Rnl to Rn3 are just
examples, and configuration changes can be made as needed.
Moreover, the type of resistor (resistance value) may also be
increased as needed in accordance with the situation.

In this sensor unit 21, as the initial stage, in the resistance
switching part 30, for example, the sense load resistance
value (Rs) is set to “resistance value Rs1 (=1092)”.

The sense voltage (V) that becomes the current measure-
ment value is first converted to a digital value by the AD
converter 31 to be measured by a voltage measuring part, not
shown, of the sensor unit 21. The sense voltage (V) that is
output from the AD converter 31 is outputted to the storage
circuit 32. This storage circuit 32 stores the value of the sense
voltage (V) that is input from the AD converter 31 for a fixed
period that is set in advance (for example, one day or one
hour). Note that a signal T that sets the fixed time (stipulated
time) is input to the storage circuit 32 and the computing
circuit 33. Moreover, the storage circuit 32 stores the maxi-
mum value M of the sense voltage (V) during the fixed
period (the maximum value during the stipulated time).

The maximum value M of the sense voltage (V) that is
stored in this storage circuit 32 is output to the computing
circuit 33. The computing circuit 33 selects the optimum
sense load resistance value (R ;) based on this maximum value
M.

Specifically, based on the sense voltage (V) that is stored
in the storage circuit 32, the computing circuit 33 switches an
analog switch (SW) of the resistance switching part 30 to
change the sense load resistance value (Rs) so that the sense
voltage (Vs) becomes the optimum value that has been set in
advance or a value approximate to that.

By performing the switching operation of the resistance
switching part 30 by the computing circuit 33, it is possible to
dynamically switch the sense load resistance value (Rs) to the
value most suited to the input range (sensitivity, dynamic
range).

Instead of a system that alternately connects a plurality of
fixed sense loads to switch the input range, a system that
adjusts the input range using variable resistance may be
adopted.
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In the power consumption management system as given
above, in the case of the current sensor CT and the shorting
wire S being installed in the four terminals of the connector C,
a signal of “presence of the current sensor CT (high)” that
indicates the existence of the current sensor CT is output from
the discrimination circuit 23. Also, the current detection sig-
nal is taken in by the sensor unit 21 from the current sensor
CT. Moreover, in the selection line driving circuit 22, the line
L that can be used for the load (electrical device) is selected
from the lines L. that are identified as “presence of current
sensor CT (high) by the discrimination circuit 23, and power
supply via the breaker B of that line L. becomes possible.

Also, in the sensor unit 21, the sense voltage (V) is mea-
sured based on the secondary current (I) that is taken in and
the sense load resistance value (Rg) that is set in advance by
the resistance switching part 30. Afterward, the sense voltage
(V) is stored in the storage circuit 32 for the fixed period (for
example, one day, one hour) that is set in advance, and the
maximum value M during that period is stored. Then, the
maximum value of the sense voltage (V) that is stored in the
storage circuit 32 is output to the computing circuit 33. This
computing circuit 33 switches the resistance switching part
30 to alter the sense load resistance value (Rs1 to Rs3) so that
the sense voltage (V) becomes the optimum value that has
been set in advance. Thereby, the sense load resistance value
(Rs) is adjusted so as to become the value most suited to the
input range (sensitivity, dynamic range).

The power consumption management system according to
the exemplary embodiment described in detail above includes
the sensor unit 21 that includes the current sensor (coil part)
CT and the signal processing part (resistance switching part
30, AD converter 31, storage circuit 32, and computing circuit
33). The current sensor CT measures the current that is sup-
plied from the main parts L1, [.2, N to the breakers B, and
outputs a current detection signal based on the measured
current. The signal processing part receives the current detec-
tion signal detected by the current sensor CT over a predeter-
mined time, determines the range of the signal level from the
received current detection signal, and adjusts the input range
of the current detection signal in accordance with that deter-
mination result. In the signal processing part, regardless of the
aspect of the coil-shaped current sensor CT for detecting the
current value that flows to the breaker B, it is possible to adjust
the input range (sensitivity, dynamic range) to the optimum
value. Therefore, it is possible to perform accurate current
measurement by the current sensor CT.

For example, the signal processing part includes a resis-
tance circuit (resistance switching part 30, computing circuit
33). The resistance circuit has a plurality of resistors Rn of
differing resistance values that are connected in parallel.
Those resistors Rn are connected in series with the secondary
coil 11. The resistance circuit adjusts the input range of the
current detection signal to the optimum value by selecting any
one of the resistors Rn. With this constitution, by selecting
any one of the plurality of resistors Rn (Rn1 to Rn3) with the
resistance circuit, it is possible to adjust the input range of the
current detection signal to the optimum value.

Also, the current sensor CT is attached to the branch part 2
of'the main parts [.1, 1.2, N2 to which the branch breaker B is
attached. With this constitution, attachment of the current
sensor CT is easy. As a result, it becomes possible to improve
the workability involved in attachment. At this time, after
passing the branch part 2 through the hole of the core 10 of the
current sensor CT, when the concave part of the branch
breaker B is engaged with the distal end of the branch part,
during the work of taking the branch from the main wire (the
work of causing the branch part 2 to engage with the branch
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breaker B), simply by passing the branch part 2 through the
coil, it is possible to simply attach a sensor for power con-
sumption measurement.

In the exemplary embodiment described above, a connec-
tor C with four terminals is used, and by installing a shorting
wire S in two terminals of that connector C, the presence of
the current sensor CT is detected by the discrimination circuit
23. However, it is not limited to this constitution. A connector
C with two terminals as shown in FIG. 4 may be used, and by
adopting a structure that does not install the shorting wire S in
two terminals of that connector C, the detection of the current
sensor CT by the discrimination circuit 23 may be abbrevi-
ated.

In FIG. 4, the power that is supplied from the main bar 1 to
the breaker B is measured by the sensor unit 21 based on the
current detection signal that is output from the current sensor
CT. Also, the selection line driving circuit 22 flows a constant
direct current load current through a resistance load 40 (elec-
trical device) for the line that has the current detection signal
that is supplied from the current sensor CT to the sensor unit
21. Due to the input voltage to the sensor unit 22 differing
between the case of the current sensor CT being connected
and the case of it not being connected, it is possible to measure
the current of that line.

Hereinabove, an exemplary embodiment of the present
invention has been described in detail with reference to the
drawings, but specific configurations are not limited to this
exemplary embodiment, and design modifications are also
included in a range that does not deviate from the scope of the
present invention.

For example, it is possible to use a Hall element instead of
a current transformer as the current sensor.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2011-077732,
filed Mar. 31, 2011, the disclosure of which is incorporated
herein in its entirety by reference.

INDUSTRIAL APPLICABILITY

The power consumption management system according to
the present invention can be applied to a power distribution
board.

REFERENCE SYMBOLS

L1, L2, N Main part (main bar or main plate)

2 Branch part (branch bar, or branch plate)

3 Sensor unit

11 Secondary coil

21 Sensor unit

30 Resistance switching part (resistance circuit)

33 Optimum sense load resistance computing circuit (resis-
tance circuit)

B Branch breaker

CT Current sensor (coil part)

Rn Resistor

The invention claimed is:

1. A power consumption management system comprising:

a main part that is connected to a power line;

a breaker that is electrically connected to the main part, and
limits a current supplied to a load to a predetermined set
value; and

a sensor unit including a current sensor and a signal pro-
cessing part,

wherein the current sensor measures a current supplied
from the main part to the breaker, and outputs a current
detection signal based on the measured current,
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the signal processing part receives the current detection
signal over a predetermined time, determines a range of
a signal level from the received current detection signal,
and adjusts an input range of the current detection signal
in accordance with the determination result, 5

the current sensor includes a core that produces an induced
current by a current that is supplied from the main part to
the breaker, and a secondary coil that detects the induced

current, and 0

the signal processing part includes a resistance circuit
including a plurality of resistors having different resis-
tance values, the resistors being connected in parallel,
the resistors being connected in series with the second-
ary coil, the signal processing part adjusting the input ;5
range of the current detection signal to an optimum value
by selecting any one of the resistors.

2. The power consumption management system according
to claim 1, wherein the main part is provided in a plurality in
a mutually parallel manner, and the breaker has a plurality of 20
concave parts that are fitted to the main parts to be connected
to a power supply of any phase.

3. The power consumption management system according
to claim 1, wherein the current sensor is attached to the branch
part of the main part bar where the breaker is installed.
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4. A power consumption management system comprising:

a main part that is connected to a power line;

a breaker that is electrically connected to the main part, and
limits a current supplied to a load to a predetermined set
value; and

a sensor unit including a current sensor and a signal pro-
cessing part,

wherein the current sensor measures a current supplied
from the main part to the breaker, and outputs a current
detection signal based on the measured current, and

the signal processing part receives the current detection
signal over a predetermined time, determines a range of
a signal level from the received current detection signal,
and adjusts an input range of the current detection signal
in accordance with the determination result,

the current sensor includes a core that produces an induced
current by a current that is supplied from the main part to
the breaker, and a secondary coil that detects the induced
current; and

the signal processing part includes a variable resistance
circuit that is connected in series with the secondary coil,
the signal processing part adjusting the input range of
the current detection signal to an optimum value by
changing a resistance value of the variable resistance
circuit.



